It is well established that the anterior pituitary gland secretes several hormones of different functional activities. These hormones include adrenocorticotropic hormone (ACTH), growth hormone (GH), prolactin (PRL), follicle stimulating hormone (FSH), luteinizing hormone (LH), and thyroid stimulating hormone (TSH) (30). The chemical structures of these hormones have been identified as either polypeptides (ACTH, GH and PRL) or glycoproteins (FSH, LH and TSH) (30). Recently, it has been shown that ACTH, /3-endorphin and y-melanocyte stimulating hormone (y-MSH) come from a common glycoprotein precursor molecule (27). These anterior pituitary hormones are under the control of hypothalamic tropic or inhibitory hormones, i.e., luteinizing hormone-releasing hormone (LH-RH), thyrotropin-releasing hormone (TRH), prolactin inhibitory factor (PIF), corticotropic releasing factor (CRF), etc. (44). Under physiological conditions, secretion of the anterior pituitary hormones is regulated by a "feedback" mechanism" via the hypothalamus-pituitary-target organ system, i.e., TRH-TSH-T3, T4 or CRF-ACTH-adrenal cortisol. Thus, the cells of the anterior pituitary gland possess receptors of hypothalamic tropic factors under physiologic conditions.
In our review, functional differentiation, based upon immunohistochemical observations, will be described in the adult and fetal pituitary gland of human and rats. In addition, problems in developmental aspects of the pituitary gland will be discussed.
Adult Pituitary Glands
The rat adult pituitary gland has three distinct parts, i.e., anterior lobe (AL), intermediate lobe (IM) and posterior lobe (PL) (Fig. 1) By the immunohistochemical technique, in the anterior pituitary gland of adult male rats, it was found that 26.3% of the cells contained GH, 24.3% contained PRL, 15.5% contained ACTH, 16.3% contained FSH, 13.7% contained LH, 7.3% contained TSH, and 4% contained no hormone (23). In addition, about 10% of these cells contained both FSH and LH. In humans ,, the percentage of cells in the anterior pituitary containing these hormones appears to be similar to the adult male rat, however the GH cells are more concentrated in the lateral "acidophilic wing" of the anterior lobe (30). These various hormone-containing cells possess a characteristic shape as shown in Fig. 3 .
On the other hand, the intermediate lobe contains only ACTH and related peptides including endorphin and y-MSH (Fig. 1) . In the human, the equivalent "invading anterior" cells also contain only ACTH and the related peptides (Figs . 4a, b). The pars tuberalis is also composed of specialized cells in rat and human pituitary glands It contains only gonadotrophs in the human and rat (Fig 4c) In the human pays tuberalis LH-13 and FSH-f4 are found in the same cells (29) Reccntly, it has been shown that pituitary ACTH is derived from the same large precursor molecule as i4-endorphin and y-MSH (16K) (27) In our studies, we have demonstrated in humans that the same anterior pituitary cells contain ACTH, ~-endorphin, and y-MSH This supports the concept of the production of a large precursor molecule in these cells (33, 34) In the rat anterior pituitary gland as well, the same cells are also positive for both ACTH and a-endorphin which supports the concept of precursor production in these cells (Figs. 5a, b) In the intermediate lobe of the rat and in the "invading anterior cells" of the human pituitary gland, most of the cells are also positive for ACTH, (3-endorphin and y-MSH, which again supports the idea of production of a common precursor molecule Moreover, the intermediate lobe has been reported to secrete a-MSH, which is a smaller peptide derived from ACTH, and the splitting enzyme for a-MSH has been reported to be present in only the intermediate lobe (30) For the past few years, it has been reported that the brain, especially the hypothalamus, also contains ACTH and the related peptides (Figs 6a, b, and Fig. 7 ) (40). The arcuate nucleus and paraventricular area of rat and human brain contains neurons and beaded nerve fibers which are positive for ACTH, Il-endorphin and y-MSH. These positive neurons and nerve fibers remain even after hypophysectomy (personal observations) It is now considered that the hypothalamus also produces Peroxidase-labeled antibody method. these ACTH-related peptides. Although the true function of these normal ACTHrelated peptides is not fully understood, it is anticipated that these peptides function as neurotransmitters. Other hormones which have been reported to be common to brain and pituitary include prolactin, GH and gastrin (46) . Gastrin is reportedly also produced in the pyloric and duodenal mucosa and, indeed, some peptides are produced not only in the anterior pituitary gland but also in the hypothalamus and intestine (brainpituitary-gut hormone) (46).
From the above functional and structural characteristics based on immunohistochemical observations, there are several questions to be answeredd concerning the cytological and functional differentiation of these cells. 
Fetal Pituitary Glands
It is well known that the pituitary glands of mammals and other animals develop from the nasopharyngeal pouch (Rathke's pouch). Rathke's pouch is composed of an anterior limb and a posterior limb; the former gives rise to the anterior lobe and the latter gives rise to the intermediate lobe in association with the neural lobe.
In immunohistochemical studies by Nakane on the fetal rat pituitary gland (24), it was found that on the 15th day of gestation, no stainable hormone was present in the anterior pituitary gland. On the 16th day of gestation, ACTH appeared as the first hormone in some cells. Prolactin and TSH appeared on the 17th day of gestation, LH on the 18th day, GH on the 19th day, and FSH on the 20th day (24, 39). These observations were in agreement with those by Dubois (34, 39) with the exception that he found ACTH in the intermediate lobe one day later than in the anterior lobe. All cell types appeared initially at the periphery of the primitive pituitary cord. GH-and LH-containing cells remained at the periphery of the cord, whereas the TSH cells and ACTH cells migrated to the center of the cord shortly after birth. Similar immunohistochemical findings were observed in human fetal glands by Osamura et al. (31, 32) who demonstrated that ACTH was the first hormone to appear in the human pituitary at 5 weeks of gestation (Fig. 8a) , followed by the appearance of other hormone positive cells at 13 weeks of gestation (Tables 1  and 2 ; Figs. 9 and 1 Oa, b, c, d). ACTH positive cells were first localized at the periphery (Fig. 8b) and they migrated toward the center of the anterior lobe in accordance with gestation (Fig. 8c) . When two hormones were localized simultaneously in rat anterior pituitary sections, the hormones were found in separate cells as indicated by the color of the reaction product (24).
From these findings, it appears that during the morphogenesis of the anterior pituitary gland in the rat as well as in the human, ACTH cells are derived from undifferentiated embryonic cells as the first functionally differentiated cells. And from the embryonic onset of hormone synthesis, the pituitary cells appear to be fully differentiated with respect to their hormone content. The functional differentiation of the intermediate lobe also requires discussion. Although the intermediate lobe is considered to be derived from the posterior limb of Rathke's pouch, which is derived from the same primitive embryonic cells as those of the anterior limb, it does not differentiate to produce various hormones as does the anterior lobe derived from the anterior limb (Fig 9a, b) . Factors which could promote the predominant production of ACTH and related peptides have been investigated. Neural factors from the hypothalamus, including vasopressin, are under consideration (12, 16, 18, 28, 31, 36, 39) No sole factor has yet been identified The development and differentiation of the pars tuberalis to the production of gonadotropin also poses an interesting embryologic problem of the pituitary gland (Fig 9c) (9, 42) The development may be in accordance with the establishment of the portal vein carrying GRH from the hypothalamus This possibility remains to be examined.
In humans, the pituitary glands of anencephalic infants shows poorly developed intermediate lobe ACTH positive cells and a decrease in anterior lobe ACTH cells (Figs. 11, 12a , b, c) This may be a good example which demonstrates the importance of the central nervous system in promoting ACTH production in the pituitary gland. This speculation has been supported by the experimental studies on tadpoles The current concensus in this regard is that pituitary glands can obtain their own potentiality of differentiation toward hormone production before the hypothalamic influence begins and the hypothalamic factors may be necessary to maintain and promote their hormone production (31, 32). This is also supported by studies in cell culture and transplantation of primitive pituitary cells (2, 13, 14, 19, 43). As the common peptide for the brain and pituitary gland, the embryonal development of ACTH and related peptides has been studied extensively in rats by Schwartzberg and Nakane (37, 38). In this series of immunological studies, it was found that hypothalamic ACTH appeared on the 13th day of gestation, which was earlier than pituitary ACTH that appeared on the 16th day of gestation. The appearance of 16K positivity was the same as that of ACTH. These results suggest that the hypothalamus may obtain its own capability to produce ACTH and related peptides independently. It was speculated that the brain ACTH in early embryonic life might function as an adrenal stimulator which would subsequently be taken over by the pituitary ACTH (37, 38). It is of special interest that two different embryologically developed tissues, brain and pituitary, can eventually produce the same, or at least similar, ACTH-related peptides.
On the aspect of hypothalamus-pituitary hormones, the development of hypothalamic tropic hormones must be discussed. Daikoku et al. performed immuno- histochemical studies on the prenatal development of rat hypothalamic LH-RH and found that in vivo, rat LH-RH first appeared on day 20 5 of gestation (7) This is evidently later than the appearance of pituitary LH cells, which was on the 18th day of gestation (38) These facts may also support the concept that pituitary functional differentiation develops independently to the hypothalamic influence (3, 5, 6, 8, 15, 17) .
Then, how do the receptors differentiate in the pituitary in relation to the hypothalamus? This question has not yet been completely solved, but it may be possible that the pituitary receptors for the hypothalamic tropic hormones develop after the appearance of the hypothalamic factors even though pituitary hormone production starts beforehand.
Finally, the ontogenetic relationship between the pituitary gland and the target organs should be discussed Woods et al (45), using chick embryos, studied the effect of hypophysectomy on the concentration of corticosteroids and their metabolites in the allantoic fluid. Their studies suggested that in the chick embryo the pituitary adrenal axis is established by day 14.5 of incubation. However, the relationship between the appearance of receptors in the target organs and the amount of fetal pituitary hormone production still remains to be solved. Begeot 
